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MEASUREMENT OF RELATIVE TURNS AND
DISPLACEMENT IN SUBSEA RUNNING
TOOLS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates 1 general to subsea running tools
and, 1n particular, to sensing the relative turns and relative
displacement of a subsea running tool at mud line and sub
mud line levels.

2. Brief Description of Related Art

In subsea operations, a surface platform generally floats
over an area that 1s to be drilled. The surface platform then
runs a drilling riser that extends from the surface platform to
a wellhead located at the sea floor. The drilling riser serves as
the lifeline between the vessel and the wellhead as most
drilling operations are performed through the drilling riser. As
devices are needed for the well, such as casing hangers,
bridging hangers, seals, wear bushings, and the like, they pass
from the surface of the vessel on a running string through the
riser, through the wellhead and into the wellbore. Weight,
rotation, and hydraulic pressure may be used to place and
actuate these devices. Because of this, it 1s important to know
with some specificity the relative number of turns and dis-
placement of the running tool 1n the subsea environment.
Knowing this information allows operators to know that the
device has reached the appropriate position 1n the wellbore
and properly actuated. Typically, this 1s accomplished by
monitoring the number of running string turns and displace-
ment of the running string at the surface platform.

Because surface platforms float over the subsea wellhead,
they are subject to the effects of ocean currents and winds.
Despite attempts to anchor the riser to the sea floor, ocean
currents and winds will push surface platforms such that they
do not remain completely stationary over the wellhead. In
addition, the riser itself 1s subject to movement due to ocean
currents. Because of this, the riser will not remain truly ver-
tical between the wellhead and the surface platform. Instead,
the riser will “curve™ 1n response to the position of the vessel
in relation to the wellhead and the effects of the current on the
unanchored riser sections extending between the ends of the
riser string anchored at the surface platform and at the well-
head. As locations 1n deeper water are explored, the problem
becomes exacerbated.

As the riser curves, the running string passing through the
riser will contact the riser rather than remaining coaxial
within the riser. At the locations where the running string
contacts the riser wall, the running string becomes anchored,
and transmits some of the operational weight and torque,
applied by the surface platform to the running string, {from the
running string to the riser. Thus, the actual torque and weight
applied to the device 1n the wellbore 1s less than the total
torque and weight applied at the surface platform. This dii-
terence within the relative number of turns and displacement
of the running tool compared to the number of turns and
running string displacement at the surface.

In addition, the difference in the number of turns and dis-
placement applied at the surface and the number of turns and
displacement at the running tool may be realized because of
the length of the running string. The running string may
extend thousands of feet through the riser between the well-
head and the surface. When turned, the segments of the run-
ning string may twist relative to one another, such that a
portion of each turn 1s absorbed by the running string. Simi-
larly, some axial displacement 1s absorbed by displacement of
running string segments relative to one another. Thus, turns
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and displacement applied at the surface may not translate to
an equal displacement or number of turns at the running tool
at the wellhead. Therefore, there 1s a need for a method and
apparatus for sensing number of turns and displacement of
the running tool at a mud line and sub mud line level while
landing, setting, and testing subsea wellhead devices with a
running tool.

SUMMARY OF THE INVENTION

These and other problems are generally solved or circum-
vented, and technical advantages are generally achieved, by
preferred embodiments of the present invention that provide
an apparatus for measuring relative turns and relative dis-
placement of a subsea running tool at downhole locations in
real time, and a method for using the same.

In accordance with an embodiment of the present inven-
tion, a system for running and setting a subsea wellhead
component 1s disclosed. The system includes a running tool
having an upper end for coupling to a running string, the
running tool adapted to carry and set the subsea wellhead
component. The running tool has a body, a stem having an
axi1s, the stem passing through the body, and a piston circum-
scribing the body. The stem 1s rotatable relative to the body,
and the piston may move axially relative to the body to set the
subsea wellhead component. An encoder 1s positioned
between the stem and the body and to detect relative rotation
between the stem and the body. An axial displacement sensor
1s positioned between the piston and the stem and to detect
relative axial motion between the piston and the body. A
transmitter 1s communicatively coupled to the encoder and
the axial displacement sensor, and a receptor 1s communica-
tively coupled to the transmitter, the receptor located at a
surface platform. An operator nterface device 1s communi-
catively coupled to the receptor and located on the surface
plattorm. The encoder and the axial displacement sensor
communicate information regarding the relative number of
turns and displacement, respectively, to the transmaitter, the
transmitter communicates the information to the receptor,
and the receptor communicates the information to the opera-
tor interface device.

In accordance with another embodiment of the present
invention, a system for running and setting a subsea wellhead
component 1s disclosed. The system includes a running tool
having an upper end for coupling to a running string, the
running tool adapted to carry and set the component. The
running tool has a body, a stem passing through the body, an
a piston circumscribing the body. The body, the stem, and the
piston are coaxial with an axis of the body, and the stem 1s
rotatable relative to the body, and the piston may move axially
relative to the body. An encoder 1s positioned between the
stem and the body to detect relative rotation between the stem
and the body and generate a rotation signal in response, and a
transmitter 1s communicatively coupled to the encoder for
transmitting the rotation signal to a surface platform. A recep-
tor 1s located at the surface platform and communicatively
coupled to the transmitter for receiving the rotation signal at
the surface, and an operator interface device 1s communica-
tively coupled to the receptor. The operator interface device 1s
located proximate to an operator of the drilling r1g, so that the
receptor may transmit the rotation signal to the operator inter-
face device.

In accordance with yet another embodiment of the present
invention, a system for running and setting a subsea wellhead
component 1s disclosed. The system includes a running tool
having an upper end for coupling to a running string, the
running tool adapted to carry and set the component. The
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running tool has a body, a stem passing through the body, and
a piston circumscribing the body, and the body, the stem, and

the piston are coaxial with an axis of the body. The stem 1s
rotatable relative to the body, and the piston may move axially
relative to the body. An axial displacement sensor i1s posi-
tioned between the piston and the body to detect relative axial
motion between the piston and the body and generate an axial
signal in response. A transmitter 1s communicatively coupled
to the axial displacement sensor for transmitting the axial
signal to a surface. A receptor 1s located at the surface plat-
form and communicatively coupled to the transmitter for
receiving the axial signal at the surface, and an operator
interface device 1s communicatively coupled to the receptor.
The operator interface device i1s located proximate to an
operator of the dnlling rig, so that the receptor may transmuit
the axial signal to the operator iterface for further commu-
nication of the signal.

In accordance with still another embodiment of the present
invention, a method for running and setting a subsea wellhead
device 1s disclosed. The method provides a running tool con-
nected to the subsea wellhead device, the running tool having,
an encoder and axial displacement sensor coupled within a
running tool for detecting running tool relative rotation and
displacement. The method then runs the running tool from a
surface platform to a subsea riser on a running string and
positioning the subsea wellhead device 1n a subsea wellhead
assembly. The method then operates the runming tool to set the
subsea device 1n the subsea wellhead assembly. While oper-
ating the running tool, the runming tool generates a signal 1n
the encoder and the axial displacement sensor in response to
setting of the subsea device. The method then transmits the
signal from the encoder and the axial displacement sensor to
a display at the drilling rig; then presents the signal in a
manner understood by an operator.

An advantage of a preferred embodiment 1s that it provides
a measurement of the relative turns and displacement at a
running tool location 1n the subsea wellbore inreal time. This
allows operators of a surface platform to have greater cer-
tainty that a subsea device to be set by the running tool has
properly landed and set 1n the wellbore. In addition, by com-
paring the actual number of turns and displacement of the
running tool to measurements of relative turns and displace-
ment applied at the surface, operators will have an indication
that the runnming string has anchored to the subsea riser.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the features, advantages and
objects of the invention, as well as others which will become
apparent, are attained, and can be understood 1n more detail,
more particular description of the mvention briefly summa-
rized above may be had by reference to the embodiments
thereol which are illustrated in the appended drawings that
form a part of this specification. It 1s to be noted, however, that
the drawings illustrate only a preferred embodiment of the
invention and are therefore not to be considered limiting of 1ts
scope as the 1invention may admit to other equally effective
embodiments.

FIG. 1 1s a schematic representation of a riser extending
between a wellhead assembly and a floating platform.

FIG. 2 1s a schematic sectional representation of a subsea
wellhead assembly with a running tool disposed therein.

FIG. 3 1s a sectional schematic representation of the run-
ning tool of FIG. 2 connected to a casing hanger and casing
hanger seal.

FIG. 3A 1s a detail view of the connection between the
casing hanger seal and the running tool.
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FIG. 3B 1s a detail view of the connection between the
casing hanger and the running tool.

FIGS. 4A-4H are partial sectional and detail views 1llus-
trating operational steps 1n a process of landing and setting the
casing hanger of FIG. 3 1 a high pressure housing of the
wellhead assembly of FIG. 2.

FIG. 5 1s a sectional view of a body of the runming tool of
FIG. 3 with a code cylinder installed thereon.

FIG. 5A 1s a detail view of the code cylinder and body of
FIG. 5.

FIG. 6 1s a schematic representation of a stem of the run-
ning tool of FIG. 3.

FIG. 6 A 15 a detail view of the stem of FIG. 6 1llustrating a
light source 1nstalled thereon.

FIG. 7 1s a partial sectional schematic representation of the

running tool of FIG. 3 with an axial displacement sensor
installed thereon.

FIG. 7A 1s a detail view of the installation of the axial
displacement sensor of FIG. 7.

FIGS. 8, 8A, and 8B are sectional schematic and detail
representations of the setting of the casing hanger seal of FIG.
3.

FIGS. 9, 9A, and 9B are sectional schematic and detail
representations of the setting of the casing hanger seal of FIG.
3.

FIG. 10 1s a schematic representation of a communication

system between the running tool of FIG. 3 and the surface
platform of FIG. 1.

L1
=]

ERRED

DETAILED DESCRIPTION OF THE PR.
EMBODIMENT

The present invention will now be described more fully
heremnafter with reference to the accompanying drawings
which illustrate embodiments of the invention. This invention
may, however, be embodied 1n many different forms and
should not be construed as limited to the 1llustrated embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled 1n the art. Like numbers refer to like elements through-
out, and the prime notation, if used, indicates similar elements
in alternative embodiments.

In the following discussion, numerous specific details are
set forth to provide a thorough understanding of the present
invention. However, it will be obvious to those skilled 1n the
art that the present invention may be practiced without such
specific details. Additionally, for the most part, details con-
cerning drilling rig operation, riser make up and break out,
operation and use of wellhead consumables, and the like have
been omitted masmuch as such details are not considered
necessary to obtain a complete understanding of the present
invention, and are considered to be within the skills of persons
skilled 1n the relevant art.

Reterring to FIG. 1, there 1s shown a floating drilling plat-
form 11 connected to a wellhead assembly 13 ata subsea floor
by ariser15. A string 17, such as a casing string or liner string,
extends from the wellhead assembly 13 to a subsurface well-
bore bottom (not shown). Riser 15 enables drill pipe 19 to be
deployed from floating platform 11 to wellhead assembly 13
and on 1to string 17 below a mud line 14. Running string 19
receives rotational torque and a downward force or weight
from drilling devices located on floating platform 11. While
made up of rigid members, riser 15 does not remain com-
pletely rigid as 1t traverses the distance between tloating plat-
form 11 and wellhead assembly 13. Riser 15 1s comprised of

joints each of which may allow some movement from sub-
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stantially vertical. The combined effect of slight movement of
cach joint will cause riser 15 to “bend” 1n response to vertical
motion from floating platform 11 due to surface swells 23,
lateral motion caused by a subsea current 21, and lateral
movement of floating platform 11 inresponse to a wind 25. As
shown, subsea current 21, swells 23, and wind 25 have moved
floating platform 11 so that riser 135 1s 1n the curved position
shown 1n FIG. 1.

Running string 19 does not “bend” in response to environ-
mental conditions. Running string 19 remains substantially
rigid as it passes through riser 15 from floating platform 11 to
wellhead assembly 13, and then into string 17. Consequently,
an exterior diameter of running string 19 may contact an inner
diameter surface of riser 15 as shown at contact locations 27.
At these locations, a portion of the rotational torque and
weilght applied to running string 19 at tfloating platform 11
transiers from runming string 19 to riser 15, causing the actual
applied torque and weight to downhole tools to be less than
that applied at the surface. In addition, segments of runming,
string 19 may twist relative to one another such that a portion
of the rotation applied at drilling platform 11 may be absorbed
by rotation of running string 19 segments relative to one
another.

As shown 1 FIG. 2, a running tool 29 1s suspended on
running string 19 within a high pressure housing 59 to set a
subsea wellhead device, such as casing hanger 31. Running
tool 29 1s a subsea tool used to land and operate subsea
wellhead equipment such as casing hangers, tubing hangers,
seals, wellhead housings, trees, etc. For example, running
tool 29 may be a pressure assisted drill pipe running tool
(PADPRT), as described in more detail below. Running tool
29 1s run on running string 19 to a position within wellhead
assembly 13 such as at a blow out preventer (BOP) 33, or
turther down string 17, such as at wellhead 35 or even further
downhole.

Referring to FIG. 3, running tool 29 1s shown coupled to
casing hanger 31 and a casing hanger seal 33. The process of
coupling casing hanger 31 to running tool 29 may be com-
pleted at the surface 1n the manner described herein. Running,
tool 29 includes a body 35, a stem 37, a piston 39, a bearing
cap 41, and a running tool seal 43. Casing hanger seal 33 1s
connected to running tool 29 through a tool and seal lock
system 45, as shown 1n FIG. 3A. Tool and seal lock system 45
may secure casing hanger seal 33 to running tool 29 through
an interference it between corresponding annular protrusions
on the inner and outer diameters of casing hanger seal 33 and
running tool 29, respectively. A lower portion of running tool
29 may be run mto casing hanger 31 so that a downward
tacing shoulder 47 of body 35 contacts an upward facing
shoulder 49 of casing hanger 31 as shown1n FIG. 3B. Stem 37
may then be rotated four turns 1n a first direction to energize
a running tool anchor system 51 and engage a running tool
locking dog 33 with a profile 55 formed on an inner diameter
of casing hanger 31 as shown 1n FIG. 3B. Running tool 29 and
casing hanger 31 may then be run through riser 15 to a
location 1n wellhead assembly 13 as shown 1n FIG. 2.

As shown in FIG. 4A, running tool 29 and casing hanger 31
may land on a load shoulder 57 within high pressure housing
59. Load shoulder 57 may be an upper rim of a prior run
casing hanger as shown in FIG. 4B, or an upward facing
shoulder formed 1n an 1nner diameter of high pressure hous-
ing 59. Once landed, stem 37 may be rotated 1n the first
direction an additional four turns to release stem 37 from
body 35 and bearing cap 41 as shown in FIG. 4C. Axial
movement of stem 37 will result 1n corresponding axial
movement of piston 39 and casing hanger seal 33 coupled
thereto. As shown 1n FIG. 4D, stem 37, piston 39 and casing
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hanger seal 33 may move axially downward until casing
hanger seal 33 1s interposed between high pressure housing
59 and casing hanger 31. Running tool seal 43 may be ener-
gized to an inner diameter of high pressure housing 59 during
this process. Fluid pressure may be applied to the annulus
between riser 15 and running string 19 as shown 1n FIG. 4E to
move piston 39 turther downward axially and energize casing
hanger seal 33 as shown 1n FIG. 4F. Stem 37 and piston 39
may then be pulled axially upward as shown 1n FIG. 4G. Four
additional turns of stem 37 may be applied through running
string 19 to de-energize running tool anchor system 51 and
disengage running tool locking dog 53 from profile 35 of
casing hanger 31 as shown 1n FIG. 4H. This completes the
landing and setting process of casing hanger 31. To determine
i casing hanger 31 was properly landed and set within high
pressure housing 59, knowledge of the true number of turns
and axial displacement of the components of running tool 29
during the previously described process 1s necessary.
Reterring to FIG. §, body 35 of running tool 29 will define
a central bore 61 through which stem 37 (not shown) may

pass. A code cylinder 63 may be secured to an inner diameter
of body 37 within central bore 61. Referring to FIG. 5A, code
cylinder 63 1s a tubular body having an outer diameter sub-
stantially equivalent to the mner diameter of central bore 61.
Code cylinder 63 defines a plurality of windows 65 around the
circumierence of code cylinder 63. Each window 65 extends
from an mner diameter of code cylinder 63 to an outer diam-
eter of code cylinder 63. The spacing of windows 65 around
code cylinder 63 may correspond to a specific rotational
position around the circumierence of body 35. Each window
65 may extend the length of code cylinder 63. Code cylinder
63 may be formed of any suitable material, such as glass or
plastic, for use as described herein.

One or more photodiode sensors 67 may be placed relative
to code cylinder 63 and the inner diameter of body 35. In an
embodiment, a single photodiode sensor 67 1s interposed
between code cylinder 63 and the inner diameter of central
bore 61. The single photodiode sensor 67 may only be
exposed to central bore 61 through a single window 65. In
another embodiment, a plurality of individual photodiode
sensors 67 are mterposed between code cylinder 63 and the
inner diameter of central bore 61. The plurality of individual
photodiode sensors 67 may each be exposed to central bore 61
through a corresponding separate window 65. In still another
embodiment, a single tubular photodiode sensor 67 1s 1nter-
posed between code cylinder 63 and the mner diameter of
central bore 61. The photodiode sensor 67 will be exposed to
central bore 61 through each window 65.

Referring to FIGS. 6 and 6 A, stem 37 may include a light
source 69 set within a bore extending radially inward from an
outer diameter of stem 37. Light source 69 may be any suit-
able light source, microwave, infrared, visible, ultraviolet,
etc., such that photodiode sensors 67 may generate an elec-
trical signal when exposed to the light from light source 69.
Light source 69 will be positioned so that light from light
source 69 will be directed radially outward when stem 37 1s
inserted through body 33. In the illustrated embodiment, light
source 69 may be near an axial center of code cylinder 63
(FI1G. 5) when stem 37 1s inserted into central bore 63 of body
35. In an embodiment, when stem 37 moves axially through
body 35, light source 69 will not move beyond the axial height
of code cylinder 63. Additional axial range may be provided
by extending the axial height of code cylinder 63 and photo-
diode 67. Light source 69 may be powered by a battery
internal to light source 69. In other embodiments, light source
69 may be powered by an external power source. In the
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illustrated embodiment, code cylinder 63, photodiode sensors
67, and light source 69 may be referred to collectively as an
encoder.

In an embodiment, stem 37 may rotate relative to body 35
as described above with respect to FIGS. 4A-4H. During
rotation of stem 37, light source 69 may direct light radially
outward from stem 37. A person skilled 1n the art will under-
stand that light source 69 may be powered on a surface plat-
form 25, or alternatively switched on prior to operation of
running tool 29. In an embodiment having a single photo-
diode sensor 67 exposed through a single window 63, as stem
377 rotates, light source 69 will expose photodiode sensor 67
once per full revolution of stem 37 relative to body 35. Ateach
exposure ol photodiode sensor 67, photodiode sensor 67 will
generate an electrical signal. This electrical signal may indi-
cate that a revolution of stem 37 relative to body 33 has been
completed. Photodiode sensor 67 may be coupled to a con-
troller, or further coupled to an operator interface, described
in more detail below, that can record the number of revolu-
tions of stem 37 or otherwise 1indicate the relative number of
turns of stem 37 to body 35.

In an embodiment having a plurality of photodiode sensors
67, each exposed through a separate corresponding window
65, light source 69 will expose each separate photodiode
sensor 67 once per revolution of stem 37 relative to body 35.
At each exposure of each separate photodiode sensor 67,
photodiode sensor 67 will generate an electrical signal. Each
photodiode sensor 67 will be correlated to a position on body
35. Photodiode sensor 67 may be coupled to a controller, or
turther coupled to an operator interface, described 1n more
detail below, that can register the particular photodiode sensor
67 generating the electrical signal. Thus, a rotational position
of stem 37 relative to body 35 may be detected and recorded
or otherwise presented 1n addition to the relative number of
rotations of stem 37 to body 35. This correlation may be
transmitted to the surface to provide an operator with the
rotational position of stem 37 or the number of turns of stem
377 as described in more detail below.

In an embodiment having a single photodiode sensor 67
extending the circumierence of bore 61 of body 33, photo-
diode sensor 67 exposed through each window 65, light
source 69 will expose photodiode sensor 67 multiple times
during each revolution of stem 37 relative to body 35. Pho-
todiode sensor 67 may be communicatively coupled to a
controller or operator 1nterface device that will register the
relative number of signals generated from initiation of stem
37 rotation relative to body 35. This register of signals may be
correlated to a number of rotations of stem 37 relative to body
35 and to a relative rotational position of stem 37 to body 35
based on the total number of signals generated since rotation
initiation. For example, 1f there are six windows 65 exposing
the single photodiode sensor 67, six signals will be generated
per every revolution of stem 37 relative to body 35. The
operator 1nterface device may count each signal and indicate
at every signal the total number or rotations of stem 37 rela-
tive to body 35 beginning with the 1nitial rotation of stem 37.
For example, while securing casing hanger 33 to running tool
29, stem 37 will rotate four times relative to body 37. The
operator interface device may receive 21 signals beginning
with the initial rotation of stem 37. The operator interface
device may then indicate that a total o1 3.5 revolutions of stem
37 relative to body 35 have occurred. In this manner, an
operator may understand that an additional half or a revolu-
tion of stem 37 relative to body 35 1s needed. This information
may be communicated to the surface as described below with
respect to FI1G. 10.
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Reterring to FIG. 7, an axial displacement sensor, 1n the
illustrated embodiment a linear varniable differential trans-
former (LVDT) 71, 1n a tubular wall of body 35 1s shown. The
axial displacement sensor may be any suitable device capable
of detecting axial displacement between body 35 and piston
39. In the 1llustrated embodiment, LVDT 71 will include a
tube 73 contaiming solenoidal coils placed end-to-end around
tube 73. In an embodiment, three solenoidal coils are used, a
center coil being a primary coil and a secondary coil on either
side of the primary coil. A cylindrical ferromagnetic core 75
1s positioned within tube 73 so that core 75 may pass through
the three solenoidal coils. An alternating current may be
applied to the primary core of tube 73 from a power source,
such as a battery that may be located within running tool 29,
clectric power supplied to the running tool through an electric
umbilical, or the like. The alternating current will induce a
voltage 1n each of the two secondaries. As core 75 moves
axially through tube 73, core 75 will cause a change 1n the
voltage induced 1n each secondary. LVDT 71 produces an
output voltage that corresponds to the difference 1n the volt-
ages mduced 1n the two secondaries. When core 75 1s 1n a
neutral position the output voltage will be approximately
zero. Thus, when core 75 moves through tube 73, one or the
other secondary will induce a greater voltage causing a
change 1n the output voltage. The magnitude of the output
voltage of LVDT 71 will correspond to the amount core 75 1s
displaced. Core 75 will have an outer end moveable 1n
response to axial motion of piston 39. In an embodiment, the
outer end of core 75 may interact with a downward facing
shoulder of piston 39. In an alternative embodiment, the outer
end of core 75 1s attached to a tubular wall portion of piston
39. As piston 39 moves axially downward during the landing
and setting process, core 75 will pass through the coils of tube
73 causing a voltage output that may be correlated with the
axial position of piston 39 relative to body 35. This correla-
tion may be transmitted to the surface to provide an operator
with the displacement of piston 39 as described 1n more detail
below.

Referring to FIGS. 8 and 9, as piston 39 moves axially
downward during setting ol casing hanger seal 33, as
described above with respect to FIGS. 4A-4H, core 75 will
move axially downward through tube 73, generating an out-
put voltage in response. For example, as shown 1n FIG. 8B,
piston 39 1s in contact with an energizing ring of casing
hanger seal 33. As piston 39 moves axially downward, piston
39 causes the energizing ring of casing hanger seal 33 to
energize casing hanger seal 33 by engaging wickers on an
inner diameter of high pressure housing 39 and an outer
diameter of casing hanger 31, as shown in FIG. 9B. As shown
in FI1G. 8 A, the downward movement of piston 39 may cause
a downward facing shoulder 85 of piston 39 to engage an end
of core 7501 LVDT 71. As piston 39 moves axially downward
relative to body 35 to set casing hanger seal 31, downward
facing shoulder 85 will move core 75 through tube 73 until
downward facing shoulder 85 1s proximate to an upper rim of
body 35. This will cause the output voltage of LVDT 71 to
change in proportion to the amount of core 75 movement
through tube 73. This output voltage may be communicated to
the surface as described in more detail below.

Referring to F1G. 10, photodiode sensors 67 and LVDT 71
may both be communicatively coupled to a transmitter 77.
Transmitter 77 may be positioned within a tubular wall of
body 35. Transmitter 77 may be any suitable data transmis-
s1on device for use 1n a subsurface environment. For example
transmitter 77 may be an acoustic transmitter capable of
receiving electrical mput from photodiode sensors 67 and
LVDT 71 and converting the electrical signals into acoustic
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signals that may be passed through running string 19 or drill-
ing mud circulated through running string 19. The acoustic
signals generated by transmitter 77 may be recerved by a
receptor 79 positioned within a receptor stem 81 coupled to
running string 19 at platform 11. Receptor 79 may recerve the
acoustic signals and convert them back into electrical or digi-
tal signals. Receptor 79 may be communicatively coupled to
an operator interface device 83 located at platform 11 where
the signals are converted imto a medium understandable to an
operator located proximate to operator interface device 83.
The operator interface device 83 may be any suitable mecha-
nism to communicate the signals from the encoder and LVDT
71 to an operator located at platform 11. In an embodiment,
operator interface device 83 1s a display. In another embodi-
ment, operator interface device 83 1s a computing device,
such as a computer workstation, tablet, controller, or the like,
that may display information recerved from receptor 79 or
communicate that information to an operator 1n any suitable
manner. There the operator may interpret the signals and
adjust operations to add additional rotations at the surface or
additional set down weight or hydraulic pressure to complete
setting of casing hanger 31.
Accordingly, the disclosed embodiments provide numer-
ous advantages. For example, 1t provides a measurement of
the relative turns and displacement at a running tool location
in the subsea wellbore 1n real time. This allows operators of a
surface platform to have greater certainty that a subsea device
to be set by the running tool has properly landed and set in the
wellbore. In addition, by comparing the actual number of
turns and displacement of the running tool to measurements
of relative turns and displacement applied at the surface,
operators will have an 1ndication that the running string has
anchored to the subsea riser.
It 1s understood that the present invention may take many
forms and embodiments. Accordingly, several variations may
be made 1n the foregoing without departing from the spirit or
scope of the mvention. Having thus described the present
invention by reference to certain of its preferred embodi-
ments, it 1s noted that the embodiments disclosed are 1llustra-
tive rather than limiting in nature and that a wide range of
variations, modifications, changes, and substitutions are con-
templated 1n the foregoing disclosure and, 1n some 1nstances,
some features of the present invention may be employed
without a corresponding use of the other features. Many such
variations and modifications may be considered obvious and
desirable by those skilled in the art based upon a review of the
foregoing description ol preferred embodiments. Accord-
ingly, 1t 1s appropriate that the appended claims be construed
broadly and 1mn a manner consistent with the scope of the
invention.
What is claimed 1s:
1. A system for runming and setting a subsea wellhead
component, comprising:
a running tool having an upper end for coupling to a run-
ning string, the running tool adapted to carry and set the
subsea wellhead component;
wherein the running tool has a body, a stem having an
axis, the stem passing through the body, and a piston
circumscribing the body; and

wherein the stem 1s rotatable relative to the body, and the
piston may move axially relative to the body to set the
subsea wellhead component;

an encoder positioned between the stem and the body to
detect relative rotation between the stem and the body,
the encoder comprising:

a light source positioned on the stem so that the light
source may direct a light radially outward;
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a code cylinder positioned on an inner diameter of the
body so that the code cylinder may be exposed to the
light produced by the light source, the code cylinder
defining a plurality of windows that are elongated in
an axial direction, the windows permitting light from
the light source to pass through the code cylinder; and

a photodiode placed radially outward of the code cylin-
der such that the photodiode 1s operable to detect light
from the light source passing through the plurality of
windows:

an axial displacement sensor positioned between the piston
and the body to detect relative axial motion between the
piston and the body;

a transmitter communicatively coupled to the encoder and
the axial displacement sensor;

a receptor communicatively coupled to the transmitter, the
receptor adapted to be located at a surface platform;

an operator interface device communicatively coupled to
the receptor and adapted to be located on the surface
platform; and

wherein the encoder and the axial displacement sensor
communicate information regarding the relative number
of turns and displacement, respectively, to the transmiut-
ter, the transmitter communicates the information to the
receptor, and the receptor commumnicates the informa-
tion to the operator interface device.

2. The system of claim 1, wherein the axial displacement

SENSOr COMprises:

a tube positioned within the body, the tube having at least
one solenoidal coil; and

a ferromagnetic core positioned partially within the tube so
that movement of the core through the tube produces an
clectrical output;

wherein an end of the core interacts with the piston to move
in response to axial displacement of the piston; and

wherein axial movement of the piston relative to the body
to energize a casing hanger seal releasably secured to the
running tool will move the core through the tube, gen-
erating an output signal conveying the amount of axial
displacement of the piston relative to the body.

3. The system of claim 1, wherein:

the photodiode 1s placed between the code cylinder and the
body; and

the photodiode 1s alternatingly exposed to and blocked
from the light source during rotation of the stem relative
to the body.

4. The system of claim 1, wherein the encoder registers a

number of rotations of the stem relative to the body.

5. The system of claim 1, whereimn the transmitter 1s an

acoustic transmitter and the receptor 1s an acoustic receptor.

6. A system for running and setting a subsea wellhead

component, comprising:

a running tool having an upper end for coupling to a run-
ning string, the running tool adapted to carry and set the
component;

wherein the running tool has a body, a stem passing
through the body, and a piston circumscribing the body;

wherein the body, the stem, and the piston are coaxial with
an axis of the body;

wherein the stem 1s rotatable relative to the body, and the
piston may move axially relative to the body;

an encoder positioned between the stem and the body to
detect relative rotation between the stem and the body
and generate a rotation signal 1n response, the encoder
comprising:

a light source positioned to direct light 1n a radial direc-
tion;
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a light sensor radially spaced from the light source and
operable to detect a light from the light source; and

a code cylinder positioned radially between the light
source and the light sensor, the code cylinder defining
a plurality of windows that are elongated 1n an axial
direction, the windows permitting light from the light
source to pass through the code cylinder;

a transmitter communicatively coupled to the encoder for
transmitting the rotation signal to a surface platiorm;

a receptor adapted to be located at the surface platform and
communicatively coupled to the transmitter for receiv-
ing the rotation signal at the surface;

an operator interface device communicatively coupled to
the receptor; and

wherein the operator interface device 1s adapted to be
located proximate to an operator of the drilling rnig, so
that the receptor may transmit the rotation signal to the
operator interface device.

7. The system of claim 6, further comprising:

an axial displacement sensor adapted to detect relative
axial motion between the piston and the body and gen-
crate an axial signal 1n response; and

the axial displacement sensor communicatively coupled to
the transmitter for transmitting the axial signal to the
operator interface device through the receptor.

8. The system of claim 6, wherein the light source 1s posi-
tioned on the stem so that the light source may direct the light
radially outward; and wherein the code cylinder 1s positioned
on an mner diameter surface of the body so that the code
cylinder may be exposed to the light produced by the light
source.

9. The system of claim 8, wherein the light sensor 1s a
photodiode placed on the inner diameter surface of the body;
and

the photodiode i1s alternatingly exposed to and blocked
from the light source through the plurality of windows of
the code cylinder during rotation of the stem relative to

the body.

10. A system for running and setting a subsea wellhead

component, comprising:

a running tool having an upper end for coupling to a run-
ning string, the running tool adapted to carry and set the
component;

wherein the running tool has a body, a stem passing
through the body, and a piston circumscribing the body;

wherein the body, the stem, and the piston are coaxial with
an axis of the body;

wherein the stem 1s rotatable relative to the body, and the
piston may move axially relative to the body;

an axial displacement sensor positioned between the piston
and the body to detect relative axial motion between the
piston and the body and generate an axial signal 1n
response;

a transmitter communicatively coupled to the axial dis-
placement sensor for transmitting the axial signal to a
surface platform;

a receptor located at the surface platform and communica-
tively coupled to the transmitter for receiving the axial
signal at the surface platform;

an operator interface device communicatively coupled to
the receptor;

wherein the operator interface device 1s located proximate
to an operator of the drilling rig, so that the receptor may
transmuit the axial signal to the operator interface device
for further communication of the signal; and
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an encoder comprising;:

a light source positioned to direct light 1n a radial direc-
tion;

a light sensor radially spaced from the light source and
operable to detect a light from the light source; and

a code cylinder positioned radially between the light
source and the light sensor, the code cylinder defining a
plurality of windows that are elongated 1n an axial direc-
tion, the windows permitting light from the light source
to pass through the code cylinder.

11. The system of claim 10, wherein the axial displacement

SENSOr COMPrises:

a tube positioned within the body, the tube having at least
one solenoidal coil;

a ferromagnetic core positioned partially within the tube so
that movement of the core through the tube produces an
electrical output;

wherein an end of the core interacts with the piston to move
in response to axial movement of the piston; and

wherein axial movement of the piston relative to the body
to energize a casing hanger seal releasably secured to the
running tool will move the core through the tube, gen-
erating the axial signal conveying the amount of dis-
placement of the piston relative to the body.

12. The system of claim 10, wherein the encoder 1s posi-
tioned between the stem and the body to detect relative rota-
tion between the stem and the body and generate a rotation
signal 1n response for communication through the transmatter
and the receptor to the operator interface device.

13. The system of claim 12, wherein the light source 1s
positioned on the stem so that the light source may direct the
light radially outward; and wherein the code cylinder 1s posi-
tioned on an mnner diameter surface of the body so that the
code cylinder may be exposed to the light produced by the
light source to generate the rotation signal.

14. The system of claim 13, wherein the light source 1s a
photodiode placed on the inner diameter surface of the body;
and the photodiode 1s alternatingly exposed to and blocked
from the light source through the plurality of windows of the
code cylinder during rotation of the stem relative to the body.

15. A method for running a subsea wellhead device, com-
prising;:

(a) providing a running tool connected to the subsea well-
head device, the running tool having an encoder and
axial displacement sensor coupled within the running
tool for detecting running tool relative rotation and dis-
placement, wherein the encoder comprises a code cyl-
inder defining a plurality of windows that are elongated
in an axial direction, the windows permitting light
directed radially outward from a light source of the
encoder to pass through the code cylinder and be
detected by a light sensor of the encoder throughout an
axial displacement of the light source with respect to the
code cylinder;

(b) running the runming tool from a surface platform to a
subsea riser on a running string and positioning the
subsea wellhead device 1n a subsea wellhead assembly;

(¢) operating the running tool to set the subsea device 1in the
subsea wellhead assembly;

(d) generating a signal 1n the encoder and the axial dis-
placement sensor 1n response to setting of the subsea
device;

(¢) transmitting the signal from the encoder and the axial
displacement sensor to a display at the drilling rig; then

(1) presenting the signal 1 a manner understood by an
operator.
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16. The method of claim 15, wherein step (c¢) comprises
rotating the running string to rotate a stem of the running tool
relative to a body of the running tool to generate a signal 1n the
encoder.

17. The method of claim 135, wherein step (¢) comprises
applying a hydraulic pressure down the riser string to move a
piston of the running tool axially relative to a body of the
running tool to generate a signal 1n the axial displacement
SEeNnsor.

18. The method of claim 15, further comprising: connect-
ing a receptor into the running string at a position above sea
level, wherein step (e) comprises acoustically transmitting
the signal to the recerving unit.

19. The method of claim 18, wherein acoustically trans-
mitting the signal comprises transmitting the signal through a
tubular of the running string.
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